We consider a developing country with three sectors in economy: consumption goods, new technology, and education. Productivity of the consumption goods sector depends on new technology and skilled labor used for production of the new technology. We show that there might be three stages of economic growth. In the …rst stage the country concentrates on production of consumption goods; in the second stage it requires the country to import both physical capital to produce consumption goods and new technology capital to produce new technology; and …nally the last stage is one where the country needs to import new technology capital and invest in the training and education of high skilled labor in the same time.
Introduction
Technology and adoption of technology have been important subjects of research in the literature of economic growth in recent years. Sources of technical progress might be domestic or/and international though there always exists believes amongst economic professionals that there is an important di¤erence between developed and developing countries, i.e. the …rst one innovates and exports technology while the second one imports and copies 1 . For developing countries, the adoption of technology from international market is vital since it might be the only way for them to improve their productivity growth and technical progress (Romer (1997 (Romer ( , 1990 ). But it is even more important to stress that these countries also need to care about their human capital (Lucas (1988) ) which might be the key factor that determines whether a country, given their level of development, can take o¤ or might fall into poverty trap.
This line of argument comes from the fact that the developing countries today are facing a dilemma of whether to invest in physical, technological, and human capital. As abundantly showed in literature (e.g. Barro (1997) in their growth paths and in order to move closer to the world income level, a country needs to have a certain level in capital accumulation. Galor and Moav (2004) consider the optimisation of investment in physical capital and human capital on the view of suppliers (of capital). They assumed that technology of human capital production is not extremly good so that at initial stage of develoment when the physical capital is rare, rate of return to physical capital is higher than the return to human capital. Accordingly, at initial stage of development it is not optimal to invest in human capital but in physical capital. The accumulating physical capital progressively reduces rate of return to physical capital whereas increases rate of return to human capital.
Consequently, there is some point in time investment into human capital becomes justi…ed, then human capital accumulation gradually replaces physical capital accumulation as the main engine of growth.
Other than Galor and Moav (2004) we consider the optimal investments in human capital and physical capital on the demand (of capital) side. Furthermore, in Galor and Moav (2004) the source of growth is intergenerational transfer which has a threshold with respect to investment. In Bruno et al. In this paper we extend their model by introducing an educational sector with which the developing country would invest to train more skilled labors.
We show that the country once reaches a critical value of wealth will have to consider the investment in new technology. At this point, the country can either go on with its existing production technology or improve it by investing in new technology capital in order to produce new technology. As soon as the level of wealth passes this value it is always optimal for the country to use new technology which requires high skilled workers. We show further that with possibility of investment in human capital and given "good" conditions on the qualities of the new technology, production process, and/or the number of skilled workers there exists alternatives for the country either to invest in new technology and spend money in training high skilled labor or only invest in new technology but not to spend on formation of human capital. Following this direction, we can determine the level of wealth at which the decision to invest in training and education has to be made. In this context, we can show that the critical value of wealth is inversely related to productivity of the new technology sector, number of skilled workers, and spill-over e¤ectiveness of the new technology sector on the consumption goods sector but proportionally related to price of the new technology capital. In the whole, the paper allows us to determine the optimal share of the country's investment in physical capital, new technology capital and human capital formation in the long-run growth path. It is also noteworthy to stress that despite of di¤erent approach, our result on the replacement of physical capital accumulation by human capital accumulation in develoment process consist with those of Galor and Moav (2004) .
Two main results can be pointed out: (1) the richer a country is, the more money will be invested in new technology and training and education, (2) and more interestingly, the share of investment in human capital will increase with the wealth while the one for physical and new technology capitals will decrease.
In any case, the economy will grow without bound. Another point which makes our paper di¤erent from Bruno et al. (2008) : we will test the main conclusions of our model with empirical data.
The paper is organized as follows. Section 2 is for the presentation of the one period model and its results. Section 3 deals with the dynamic properties in a model with an in…nitely lived representative consumer. Section 4 will look at some empirical evidences in some developing and emerging countries, particularly China, Korea and Taiwan. The conclusion is in Section 5. Appendices are in Sections 6, 7, 8. They are for the mathematical proofs, and for the tables on Inputs and Technical Progress in Lau and Park (2003) .
Consider an economy where exists three sectors: domestic sector which produces an aggregate good Y d , new technology sector with output Y e and education sector characterized by a function h(T ) where T is the expenditure on training and education. The output Y e is used by domestic sector to increase its total productivity. The production functions of two sectors are Cobb-Douglas, i.e.,
where (:) is a non decreasing function which satis…es (0) = x 0 > 0;
; L e and A e be the physical capital, the technological capital, the low-skilled labor, the high-skilled labor and the total productivity, respectively, 0 < d < 1; 0 < e < 1: 3 We assume that price of capital goods is numeraire in term of consumption goods. The price of the new technology sector is higher and equal to such that 1. Assume that labor mobility between sectors is impossible and wages are exogenous.
Let S be available amount of money for spending on capital goods and human capital. We have:
For simplicity, we assume p T = 1, or in other words T is measured in capital goods.
Thus, the budget constraint of the economy can be written as follows
where S be the value of wealth of the country in terms of consumption goods.
The social planner maximizes the following program
Where h is the human capital production technology; L e is number of skilled workers in new technology sector; L e is e¤ective labor; L d is number of nonskilled workers in domestic sector.
Assume that h(:) is an increasing concave function and
is a concave function of education investment 4 . Let
From the budget constraint, we can de…ne ( ; ) 2 :
Observe that since the objective function is strictly increasing, at the optimum, the constraints will be binding. Let (r e e S e h( S)
where r e = 
Let
(r e ; ; ; S) = (r e e S e h( S)
The problem now is equivalent to
(r e ; ; ; S):
Since the function is continuous in and ; there will exist optimal solutions.
Denote
Suppose that function (x) is a constant in an initial phase and increasing linear afterwards:
> :
Then by Maximum Theorem, F is continuous and F (r e ; S)
The following proposition states that there exists a threshold.
Proposition 1 There exists S c such that, if S < S c then (S) = 0 and (S) = 0; and if S > S c then (S) > 0 :
Proof : See appendix 1.
The following proposition shows that, when the quality of the training technology (measured by the marginal productivity at the origin h 0 (0)) is very high then for any S > S c the country will invest both in new technology and in human capital. When h 0 (0) is …nite, we are not ensured that the country will invest in human capital when S > S c . But it will do if it is su¢ ciently rich.
Moreover, if h 0 (0) is low, then the country will not invest in human capital when S belongs to some interval (S c ; S m ). Proof : See Appendix 1.
The following proposition states there exists a threshold for both (S) and (S) to be positive.
Proposition 3 Assume h 0 (0) < +1. Then there exists b S S c such that: Recall also the productivity function of the consumption goods sector (x) =
The parameter a > 0; a spill-over indicator which embodies the level of social capital and institutional capital in the economy, indicates the e¤ectiveness of the new technology product x on the productivity.
We will show in the following proposition that the critical value S c diminishes when r e increases, i.e. when the productivity A e ; and/or the number of skilled workers increase; and /or the price of the new technology capital decreases; and/or the share of capital in new technology sector e decreases (more human-capital intensive); and /or the spill-over indicator a increases. Put it di¤erently, the following conditions will be favorable for initiating investment in to new technology sector: (i ) potential productivity in new technology sector;
(ii ) number of skilled workers in the economy; (iii ) price of new technology;
(iv ) the intensiveness of human capital in new technology sector; and (v ) level of spill-over e¤ects. Except for price of new technology, if all or one of the above-mentioned conditions are/is improved, the economy will be more quickly to initiate investment in new technology sector.
(ii) S c decreases if a or/and r e increases.
Proof : See Appendix 1.
The following proposition shows that the optimal shares ; converge when S goes to in…nity. Furthermore the ratios of spendings on human capital to S and of the total of spendings on new technology capital and human capital formation to S increase when S increases.
Proposition 5 (ii) If x 0 aX, then (S) and the sum (S) + (S) increase when S increases.
Proof : For short, write ; instead of (S); (S). Consider b S in Proposition
When S > b S. Then ( ; ) satisfy equations (10) and (11) which can be written as follows:
and
We obtain 
The Dynamic Model
In this section, we consider an economy with one in…nitely lived representative consumer who has an intertemporal utility function with discount factor < 1.
At each period, her savings will be used to invest in physical capital or/and new technology capital and/or to invest in human capital. We suppose the capital depreciation rate equals 1 and growth rate of population is 0 and
The social planner will solve the following dynamic growth model
the initial resource S 0 is given.
The problem is equivalent to
s.t c t + S t+1 H(r e ; S t ); 8t;
with H(r e ; S) = F (r e ; S)S d :
; is time preference discount rate 0 1 Obviously, H(r e ; :) is continuous, strictly increasing and H(r e ; 0) = 0:
As in the previous section, we shall use S c de…ned as follows:
(r e ; t ; t ; S t ):
We shall make standard assumptions on the function u under consideration.
H2. The utility function u is strictly concave, strictly increasing and satis…es the Inada condition:
At the optimum, the constraints will be binding, the initial program is equivalent to the following problem
s.t 0 S t+1 H(r e ; S t ); 8t:
By the same arguments as in Bruno et al. (2008) , we have the following property Proposition 6 i) Every optimal path is monotonic ii) Every optimal trajectory (S t ) from S 0 can not converge to 0.
Let denote t ; t be the optimal capital shares among technological capital stock and expenditure for human capital, K e;t = t S t and T t = t S t :
We then obtain the main result of this paper:
Proposition 7 Assume h(z) = h 0 + bz, with b > 0 and e + d 1. If a or/and r e are large enough then the optimal path fS t g t=1;+1 converges to +1
when t goes to in…nity. Hence:
The sum t + t and the share t increase when t goes to in…nity and converge to values less than 1.
Proof : See Appendix 2.
A Look At Evidence
There are numerous discusses in literature on the role of physical capital, human capital and technological progress in economic growth. King We run two simple OLS regression equations
These equations are tested for two sub-samples: the …rst with GDP per capita is less than 1000 (75 observations); and the second with GDP per capita more than 1000 (533 observations). The results are presented in table 1 Since the data for expenditure on human capital is not directly available, hence we follow Carsey and Sala-i-Martin (1995) to assume that wage paid to a worker consists of two parts: one for human capital and the other (non-skilled wage) for other things other than human capital. According to Carsey and Salai-Martin (1995) the latter part of wage depends on many factors such that: ratio of aggregate physical capital stock to human capital due to the complementary between physical capital and human capital; and change in relative supplies of workers. The former part depends not only on number of schooling years but also on others: on-the-job training, job experience, schooling quality, and technological level. Accordingly, this labor-income-based human capital that taking all these factors into account re ‡ects the value of human capital more comprehensively than the conventional measurement that based on schooling years.
We assume further that minimum wage is the non-skilled wage. Consequently the expenditure for human capital can be calculated by following formula:
Where EHC is expenditure for human capital, E is total employed workers, AW is average wage, and M W is minimum wage. Recall that AW M W represents the part in the average wage which is rewarded for skill.
In our model, the new technological capitals are produced in R&D sector, then we use indicator of expenditure for R&D as a proxy for investment in technological capital ( K e ), and the …xed capital formation (if not available, then the gross capital formation) for expenditure on K d .
Data
For China, the data of AW; GDP, and E are available in CEIC database The data for R&D expenditure is taken from UNESCO. 
Conclusion
We …rst summarize the main conclusions from our model.
At low level of economic growth this country would only invest in physical
capital but when the economy grows this country would need to invest not only in physical capital but also in …rst, new technology and then, formation of high skilled labor.
2. Under some mild conditions on the quality of the new technology production process and on the supply of skilled workers, the shares of the investments, respectively in human capital, and in new technology and human capital, will increase when the country becomes rich.
3. Thanks to New Technology and Human Capital, the TFP will increase and induces a growth process, i.e. the optimal path (S t ) converges to +1.
In other words, the country grows without bound. In this case, the share of investment in new technology and human capital ( t + t ) will increase while the one in physical capital will decrease. More interestingly, and in accordance with the results in Barro and Sala-i-Martin (2004), the share t will become more important than the one for physical and new technology capitals when t goes to in…nity. But they will converge to strictly positive values when time goes to in…nity.
Second, the empirical tests seem con…rm the results mentioned above.
1. They support our model's prediction that when income is lower than a critical level there is no demand for investing in human capital, or equivalently, there exists threshold for investing in human capital in process of development.
2. Our predictions on the movements of the shares of human capital and of new technology on the one hand, and of physical capital on the other hand, cannot be rejected by evidences from the economies of China, Korea and Taiwan.
6 Appendix 1
Proof of Proposition 1 The proof will be done in three steps.
Step 1 De…ne
Lemma 1 B is a nonempty compact set.
Proof : It is easy, see e.g. Bruno et al (2008) .
. If the optimal value for equals 0 then the one for is also 0 and F (r e ; S)
Step 2 The following lemma shows that if S is small, then the country will not invest in new technology and human capital. When S is large, then it will invest in new technology.
Lemma 2 i) There exists S > 0 such that if S S then = 0 and = 0:
ii) There exists S such that if S > S then > 0 :
Proof : For any S, denote by (S), (S) the corresponding optimal values for and .
(i) Let S satis…es r e S e h(S)
Then for any ( ; ) 2 , for any S S, r e e S e h( S) (ii) Fix = 0 and 2 (0; 1). Then (r e ; ; 0; S) ! +1 when S ! +1.
Let S satisfy (r e ; ; 0; S) > x 0 L Step 3 : Proof of Proposition 1
Now, let us de…ne
It is obvious that 0 < S c < +1; since S c S > 0 and B is compact.
Note that for any S 0 we have
(r e ; ; ; S) (r e ; ; ; S c ) which implies
Thus, 
Hence
which is a contradiction. (r e ; ; 0; S) = (r e e S e h(0)
and consider a feasible couple ( ; ) in which satis…es = + : Denote F 1 (r e ; S; ; ) = (r e e S e h( S)
We then have F 1 (r e ; S; ; ) F 0 (r e ; S; ; 0) By the concavity of h(x) and f (x) = x e ; we obtain F 1 (r e ; S; ; ) F 0 (r e ; S; ; 0)
The expression in the brackets will converge to +1, and we get a contradiction with the optimality of .
2. Assume that (S) = 0 for any S 2 fS 1 ; S 2 ; :::; S n ; :::g where the in…nite sequence fS n g n is increasing, converges to +1 and satis…es S 1 > S c . For short, denote = (S). Then we have the following F.O.C.:
ar e e 1 S e h(0) 1 e e x 0 + a[r e e S e h(0)
e S e h(0)
Equation (6) 
If ! 0 when S ! +1, then the LHS of inequality (8) converges to in…nity while the RHS converges to d : a contradiction. Thus will be bounded away from 0 when S goes to in…nity.
Combining equality (6) and inequality (7) we get
When S ! +1, we have a contradiction since the LHS of (9) will go to in…nity while the RHS will be bounded from above. That means there exists S M such that for any S S M , we have (S) > 0.
3. Let S > S c . For short, we denote and instead of (S) and (S). If > 0 then we have the F.O.C:
ar e e 1 S e h( S) 1 e e x 0 + a[r e e S e h( S)
e S e h( S)
Let c and S c satisfy the following equations
Equality (12) is the F.O.C. with respect to , while equality (13) states that
(r e ; c ; 0; 
Relations (12), (13) and (14) give the the values of S c and (S c ) = c and (S c ) = c = 0. When S > S c and close to S c , equality (12) and inequality (14) still hold. That means (S) = 0 for any S close to S c .
Proof of Proposition 3
The proof will be done in two steps.
Step 1
we also have (S 2 ) = 0.
Proof : If S 2 S c then (S 2 ) = 0 since (S 2 ) = 0 (see Proposition 1). For short, we write 1 = (S 1 ); 2 = (S 2 ); 1 = (S 1 ); 2 = (S 2 ).
Observe that ( 1 ; S 1 ) satisfy (6) and (7), or equivalently (6) and (9) . Equality (6) can be written as
. Take 2 = 1 . If S 2 < S 1 then ( 2 ; S 2 ) satisfy (6) and (9) . That means they satisfy the F.O.C. with 2 = 0.
Observe that the LHS of equation (15) is a decreasing function in 1 . Hence 1 is uniquely determined. When x 0 > aX, if ( 2 ; S 2 ) satisfy (15), with S 2 < S 1 , then 2 < 1 . In this case, ( 2 ; S 2 ) also satisfy (9), and we have 2 = 0. When x 0 < aX, write equation (15) as:
If ( 2 ; S 2 ) satisfy (15), with S 2 < S 1 , then 2 > 1 . Since x 0 < aX, from (16),
we have 2 S 2 < 1 S 1 . Again ( 2 ; S 2 ) satisfy (15) and (9) . That implies 2 = 0.
Step 2 Proof of the proposition. If e e S > e S, then take S 2 ( e S; e e S): From the de…nitions of e S and e e S, there exist S 1 < S; S 2 > S such that (S 1 ) > 0 and (S 2 ) = 0. But that contradicts Step 1. Hence e e S = e S. Put b S = e e S = e S and conclude.
Proof of Proposition 4
From Proposition 3, we have c = 0. In this case, c and S c satisfy equation (10) and, since S c 2 B, we also have F (r e ; S c ) = (r e ; c ; 0; 
Tedious computations show that c satis…es the equation
If x 0 > aX, then the LHS is a strictly concave function which increases from .
In any case, c does not depend on r e . It is easy to show that c is positively related with a if x 0 6 = aX . With higher value of spill-over indicator, a (e.g.
better social capital and institutional capital), the economy in question not only invest in new technology earlier but also invest more initially.
Equation (17) gives:
We see immediately that S c is a decreasing function in a and r e .
Appendix 2
Proof of Proposition 7 Let S s be de…ned by
If S 0 > S c then t > 0 for every t. If S t converges to in…nity, then there exists T 2 where S T 2 > b S and t > 0; t > 0 for every t T 2 .
Now consider the case where 0 < S 0 < S c . Obviously, 0 = 0. It is easy to see that if a or/and r e are large then S c < S s . If for any t, we have t = 0, we also have K e;t = 0 8t, and the optimal path (S t ) will converge to S s (see Le Van and Dana (2003) ). But, we have S c < S s . Hence the optimal path fS t g will be non decreasing and will pass over S c after some date T 1 and hence t > 0
If the optimal path fS t g converges to in…nity, then after some date T 2 , S t > b S for any t > T 2 and t > 0; t > 0.
It remains to prove that the optimal path converges to in…nity if a or/and r e are large enough.
Since the utility function u satis…es the Inada condition u 0 (0) = +1, we have Euler equation: 
